Cardiovascular disease (CVD) and cancer are the 2 leading causes of death worldwide. Although commonly thought of as 2 separate disease entities, CVD and cancer possess various similarities and possible interactions, including a number of similar risk factors (eg, obesity, diabetes mellitus), suggesting a shared biology for which there is emerging evidence. Although chronic inflammation is an indispensable feature of the pathogenesis and progression of both CVD and cancer, additional mechanisms can be found at their intersection. Therapeutic advances, despite improving longevity, have increased the overlap between these diseases, with millions of cancer survivors now at risk of developing CVD. Cardiac risk factors have a major impact on subsequent treatment-related cardiotoxicity. In this review, we explore the risk factors common to both CVD and cancer, highlighting the major epidemiological studies and potential biological mechanisms that account for them.
C ardiovascular disease (CVD) and cancer are the largest contributors to the burden of chronic disease in the United States. 1 With an estimated 15 and 14 million people with CVD (excluding hypertension) and a history of cancer, respectively, these numbers will undoubtedly rise as the population grows older and therapies enhance longevity. 2, 3 Emerging evidence suggests a relationship between CVD and cancer. A number of shared risk factors build the case for a shared biology. Although inflammation appears to be a major unifying factor in the etiology and progression of these diseases, additional mechanisms have been described. Recent efforts in cardiooncology have begun to revise the focus toward disease prevention and treatment, in terms of balancing the potential causal effects from 1 disease to the other.
Biological Mechanisms Common to CVD and Cancer Inflammation in CVD
Inflammation is a unifying theme among a variety of diseases, including both cardiovascular disease (CVD) and cancer. 4, 5 Common conditions such as obesity, hyperglycemia, hypertension, and hypertriglyceridemia induce inflammation, [6] [7] [8] [9] and this may, in part, explain why CVD and cancer share several risk factors. Other sources of inflammation are widespread, including microbial and viral infections, allergen exposure, radiation, toxic chemicals, alcohol consumption, tobacco use, and other chronic and autoimmune diseases. 10 Atherosclerosis was once viewed as a lipid storage disease, although it is now known that inflammation mediates all of its stages, from initiation to progression and, ultimately, thrombosis. Conditions such as hypertension, smoking, dyslipidemia, and insulin resistance all appear to trigger atherosclerosis, in promoting the expression of adhesion molecules by endothelial cells, allowing leukocyte attachment to blood vessel walls that normally resist their attachment. 5, 11 Patients with elevated C-reactive protein (CRP), a biomarker of inflammation, have increased CVD events. 12 Thus, immunotherapy for CVD reduction has become an area of intense interest. Statins, perhaps best known for their cholesterol-lowering effects, have been shown to also have anti-inflammatory benefits independent of cholesterol lowering (the use of CRP as a biomarker has validated this postulate). 5 Additional clinical data with immunotherapy are anticipated, including the Canakinumab Antiinflammatory Thrombosis Outcomes Study (CANTOS) study (ClinicalTrials.gov: CACZ885M2301), comparing Canakinumab, an inhibitor of interleukin-1β, a proinflammatory cytokine involved in atherosclerosis and the regulation of CRP, with placebo.
Inflammation in Cancer
The role of inflammation in promoting carcinogenesis and tumor progression has been established. As early as the 19th century, Rudolf Virchow observed leukocytes within neoplastic tissue and speculated that cancer arises from inflammatory sites. 13 In recent decades, extensive factual and circumstantial evidence has shown several cancer types to be induced by infection or chronic inflammatory disease (eg, human papillomavirus and cervical cancer, Helicobacter pylori and stomach cancer, Epstein-Barr virus and lymphoma). 13 Inflammation within the tumor microenvironment has effects that promote malignant transformation of cells, carcinogenesis, and its
Other Mechanistic Hypotheses
Additional mechanisms may play a role in the shared biology between CVD and cancer. A number of hormones (eg, leptin), cytokines, growth factors, and other metabolic reactions have been linked to both diseases, as discussed later.
Cardiovascular Risk Factors
Finding ways to predict and prevent CVD has become paramount to the field of cardiovascular medicine over previous decades. Risk assessment methods have become widely implemented. In clinical practice, risk models identify patients at risk for coronary heart disease events, prompt clinician-patient discussions about lifestyle therapy, and justify the use of primary prevention medications. On a broader scale, the emphasis of CVD as an epidemic has increased public awareness and mobilized political interest in an effort to improve health.
The guidelines set forth by the American College of Cardiology and American Heart Association (AHA) 17 use pooled cohort CVD risk equations to identify individuals at an increased absolute risk. An elevated 10-year risk of ≥7.5% in individuals aged 40 to 79 years requires blood cholesterol, weight, and lifestyle management.
The AHA aims to reduce the incidence of cardiovascularrelated deaths by 20% by the year 2020. 18 The AHA endorses 7 metrics of ideal health that include a combination of health behaviors (not smoking, physical activity, low body mass index [BMI, defined as the weight in kilograms divided by the square of the height in meters], and healthy diet) and health factors (blood sugar, blood pressure, and total cholesterol). A strong inverse relationship exists between adherence to these health metrics and cardiovascular risk, as demonstrated by several studies including the National Health and Nutrition Examination Survey (NHANES), 19 Cardiovascular Risk in Young Finns (YFS), 20 and Atherosclerosis Risk in Communities (ARIC) studies. 21
Cancer Risk Factors
Epidemiological studies have identified many environmental and lifestyle risk factors for various types of cancer. In developed countries, lifestyle factors have been associated with many malignancies, including the 4 most common: lung, colorectal, breast, and prostate cancer. The World Health Organization estimates that >30% of cancer deaths could be prevented by modifying or avoiding certain risk factors, including tobacco use, obesity, unhealthy diets low in fruit and vegetable intake, inactivity, alcohol use, sexually transmitted human papillomavirus infection, urban air pollution, and indoor smoke from solid fuels. 22
Modifiable CVD Risk Factors and Their Cancer Risk Obesity
Obesity and CVD Beyond Framingham data, which showed that obesity and CVD are related by the major risk factors (eg, diabetes mellitus, smoking), this relationship is also mediated by several emerging risk factors found in obese persons, including atherogenic dyslipidemia, insulin resistance, a proinflammatory state, and a prothrombotic state. 23 Obesity and CVD are also linked by the increased metabolic demands of cardiac output, compounded by decreased peripheral vascular resistance, and hypoventilation often attributable to apnea. To compensate for increased cardiac output in obesity, the stroke volume must increase, which leads to increased left ventricular filling pressure and volume overload. Although early studies suggested that this state of volume overload led to eccentric hypertrophy, we now know that most obese subjects have some degree of concentric left ventricular geometry, even in the absence of hypertension. 24
Obesity and the Risk of Cancer
The body of epidemiological data suggests that up to 20% of malignancies could be related to weight, weight gain, and obesity. 25 Based on numerous studies and meta-analyzed data (Figure) , 26, 27 the American Institute for Cancer Research and World Cancer Research Fund (AICR/WCRF) believes there is convincing evidence linking obesity to esophageal adenocarcinoma, pancreatic, liver, colorectal, postmenopausal breast, endometrial, and kidney cancer. In addition, the AICR/WCRF reports probable evidence for other cancers. The risk of cancer with obesity appears to increase with increasing BMI, as demonstrated in a study of healthy never smokers (≈1.46 million), where cancer risk was significantly increased by 12% with a BMI of 27.5 to 29.9 and up to 70% in those with a BMI of 40 to 49.9. 37 The carcinogenic effects of obesity on sex can differ, and this is most substantial for colon cancer. This sex difference is consistent throughout a number of studies, including the European Prospective Investigation Into Cancer and Nutrition-Potsdam (EPIC) study, reporting a 55% increased risk of colorectal cancer in men than in women. 38 It has been hypothesized that estrogen, increased in obese women, inhibits inflammatory signaling and exerts an antitumor effect through selective activation of proapoptotic signaling through colonic estrogen receptors. 39 This hypothesis was further supported by the Women's Health Initiative in which women receiving postmenopausal estrogen replacement had a reduced risk of colorectal cancer. 39 Figure limited to only the positive and negative associations using the most recently published meta-analysis or prospective cohort study investigating the associations between a cardiac risk factors and various cancer sites; hyperlipidemia was excluded from the figure because of inconclusive evidence that it is associated with cancer risk. All cancer estimates were reported as a relative risk except where noted as follows. †Risk for BMI >30 kg/m 2 . ‡Note, there were several additional positive (bladder, esophageal, extrahepatic cholangiocarcinoma, gallbladder, gastric, hepatocellular carcinoma, kidney, leukemia, multiple myeloma, non-Hodgkin lymphoma, ovarian cancer, pancreatic cancer) and negative (lung, prostate) associations by fixedeffects models, but the authors did not deem these to be positive associations because their 95% prediction intervals included the null value. §Prospective observational cohort; Cox regression was used to calculate hazard ratios of cancer per 10 mm Hg increments of mid blood pressure. ¶Only cancer sites with sufficient evidence of carcinogenicity related to tobacco exposure in humans were considered in the meta-analysis.
Obesity, Cancer, and CVD: Is There a Shared Biology?
Obesity, cancer, and CVD have a complex relationship mediated by several factors such as diet, body fat distribution, physical activity, hormones (sex hormones, insulin and insulin-like growth factor [IGF] signaling, and adipokines), chronic inflammatory burden, and oxidative stress. Proinflammatory cytokines and hormones, produced within adipose tissue, are elevated in the serum of obese people. Examples include interleukin-6, tumor necrosis factor-α, leptin, angiotensinogen, resistin (linking obesity to diabetes mellitus), 40 and CRP, several of which have antiapoptotic and proangiogenic properties that not only help sustain fat storage, but also have tumorigenic effects at other sites. For example, leptin has been shown to be a critical regulator of hepatocellular carcinoma through its effects on telomerase reverse transcriptase. 41 Leptin also plays a pivotal role in obesity-related CVD, as demonstrated by numerous clinical and animal model investigations. 42 One of the most abundant cytokines produced by adipose tissues is interleukin-6, which increases blood pressure and stimulates hepatic production of CRP, an inflammatory marker of CVD. 12 Overexpression of interleukin-6 has been shown to inhibit cancer cell apoptosis, stimulate angiogenesis, and have a role in drug resistance, leading to tumor progression. 43 
Diabetes Mellitus

Diabetes Mellitus and CVD
Diabetes mellitus affects a number of different systems in the body, and its deleterious effects on the macrovasculature render it a coronary heart disease risk equivalent. The pathophysiology linking diabetes mellitus to atherosclerosis is multifaceted. Insulin resistance promotes dyslipidemia along with lipoprotein abnormalities through oxidative stress, glycosylation, and triglyceride enhancement. Endothelial dysfunction, an early marker for atherosclerosis, is stimulated by hyperglycemia-induced free radical damage within the vasculature. 11 During hyperglycemia, IGF-1 stimulates the migration and proliferation of smooth muscle cells, a common mechanism of atherosclerosis, although additional mechanisms have also been described. 44 
Diabetes Mellitus and the Risk of Cancer
Numerous studies link diabetes mellitus to cancer risk and its progression. In 2010, a consensus report by the American Diabetes Association concluded that there is convincing evidence associating diabetes mellitus with colorectal, breast, endometrial, liver, pancreatic, and bladder cancers, and somewhat convincing evidence for other cancers such as kidney, leukemia, and esophageal. 44 A recent systematic umbrella review of meta-analyses of observational studies (2015) assessing the association of type 2 diabetes mellitus with site-specific cancer incidences concluded that there is robust evidence for an association of type 2 diabetes mellitus with breast, intrahepatic cholangiocarcinoma, colorectal, and endometrial cancer, whereas there is inconclusive or no evidence for an association with other cancer sites (Figure) , 28 although a number of stringent and perhaps debatable criteria contributed to this largely negative conclusion. 45 
Diabetes, Cancer, and CVD: Is There a Shared Biology?
Diabetes mellitus influences CVD and the neoplastic process through several mechanisms including hyperinsulinemia, hyperglycemia, IGF, and inflammation. The insulin-cancer hypothesis postulates a central role for elevated levels of IGF, which promotes cell proliferation. Serum IGF levels are increased as chronic hyperinsulinemia leads to decreased levels of IGF-binding proteins. 44 Tumor cells express both insulin receptors and IGF receptors. Meta-analyses have shown an increased risk of colorectal cancer, prostate cancer, and premenopausal breast cancer associated with high serum levels of IGF. 46, 47 Hyperinsulinemia also decreases hepatic synthesis of sex hormone binding globulins, increasing estrogen levels in men and women and testosterone levels in women. Elevated sex steroid levels are associated with an increased risk of postmenopausal breast and endometrial cancer, 48 although pleiotropic effects of estrogen on the cardiovascular system tend to be favorable. 49 Finally, inflammation has been shown to promote insulin resistance and be involved in the pathogenesis of diabetes mellitus, further contributing to the complex network of interactions between inflammation, CVD, and cancer. 50
Hypertension Hypertension and CVD
Hypertension is a well-established CVD risk factor. Clinical and experimental studies demonstrate a causal relationship between hypertension and both vascular and structural cardiac remodeling. Hypertension induces oxidative stress on the arterial wall, thought to be the primary mechanism behind its atherogenic influence. 51 Hypertensive heart disease occurs when the left ventricular wall thickens as a means of reducing wall stress attributable to elevated blood pressures. 52 This can subsequently lead to both diastolic and systolic heart failure.
Hypertension and the Risk of Cancer
Observational studies assessing hypertension and cancer risk have shown mixed results. The largest study to date assessed over half a million people from the Metabolic Syndrome and Cancer Project over a median of 12 years and found that men had a total incident cancer hazard ratio (HR) of 1.07 (95% confidence interval [CI], 1.04-1.09), and for cancer deaths, they had a HR of 1.12 (95% CI, 1.08-1.15) per 10 mm Hg blood pressure increment; women had an overall cancer mortality HR of 1.06 (95% CI, 1.02-1.11), but no association with incident cancer rates. Hypertension was associated with several specific cancer types (Figure) . 29 There is a particularly strong association between hypertension and renal cell carcinoma (RCC). Grossman and colleagues 53 reported a pooled odds ratio of 1.23 (95% CI, 1.11-1.36) for all-cause cancer mortality and a pooled odds ratio of 1.75 (95% CI, 1.61-1.90) for RCC mortality associated with hypertension, after adjusting for age and tobacco use.
Hypertension, Cancer, and CVD: Is There a Shared Biology?
It is not known whether hypertension, per se, is a cancercausing disease state, or if the association is through an alternative mechanism. A potential biological mechanism that March 15, 2016 relates hypertension and cancer may be through angiogenic factors. Elevated levels of plasma vascular endothelial growth factor, a central hormone in the ability of tumors to induce new blood-vessel formation, is also evident in hypertensive subjects. 54, 55 Several studies suggest that angiotensin II, a key hormone in vasoconstriction and hypertension, stimulates the production of vascular endothelial growth factor. 56 Thus, because hypertensive patients have higher levels of vascular endothelial growth factor, it is plausible that this may potentiate the development or progression of cancer, accounting for the association. Also, hypertension affects arterial walls through oxidative stress, which is also associated with carcinogenesis, suggesting another possible shared biology between CVD and cancer.
Hyperlipidemia
Hyperlipidemia and CVD Serum lipid levels have a well-known association with coronary artery disease. 57 Atherogenesis begins when excess lipoproteins such as low-density lipoprotein accumulate in the subendothelial space, are oxidatively modified, and are taken up selectively by macrophages and monocytes. Low-density lipoprotein molecules are influenced by a number of factors, including the body's metabolic profile, and they become more atherogenic in the setting of concomitant disease such as the metabolic syndrome.
Hyperlipidemia and the Risk of Cancer
Hyperlipidemia as a risk factor for cancer remains inconclusive based on heterogeneous data, although it appears more convincing for breast cancer and less convincing for some other cancers. 58 In contrast, several studies demonstrate an inverse association between low-density lipoprotein cholesterol and cancer risk, although this may be attributable to the malignancy itself (eg, changes in cholesterol metabolism or absorption); also, tumor cells often express receptors that attract cholesterol metabolites necessary to support their growth, thus diminishing circulating levels in the plasma. 59 Some animal models have found that a high-cholesterol diet, in conjunction with other agents, increases colon adenomas. 60 This may be related to hepatic bile acids, which are increased in the setting of chronic saturated fat intake, which have been shown to promote carcinogenesis. 61
Hyperlipidemia, Cancer, and CVD: Is There a Shared Biology?
The cholesterol metabolite, 27-hydroxycholesterol, is similar in both structure and action to estradiol (an estrogen) and has been recently implicated in breast cancer. 62 This forms the basis for an intriguing relationship between CVD and cancer through cholesterol and its metabolism. Furthermore, statin therapy (discussed later) was shown to attenuate the enhanced breast tumor growth associated with high-fat diets in mice. 14 Similar to estrogen, which has well-known pleiotropic effects on the cardiovascular system, 49 emerging murine studies also demonstrate that 27-hydroxycholesterol has cardiovascular effects.
The intratumoral milieu has become an area of intense interest in many cancers. With regard to 27-hydroxycholesterol, the enzyme that produces this metabolite is abundant within tumor-associated macrophages, 14 suggesting a probable role for inflammatory cells in the tumor process as well.
Tobacco
Tobacco and CVD Cigarette smoking greatly impacts cardiovascular incidence and mortality, contributing to all stages of atherosclerosis via numerous mechanisms. Tobacco smoking affects the early stages of atherosclerosis by decreasing levels of nitric oxide, causing vasomotor dysfunction, and increasing oxidative stress, causing endothelial and structural changes. It plays a largely thrombotic role in acute coronary events. 63
Tobacco and the Risk of Cancer
Tobacco usage, particularly smoking, is also a preventable and heavily weighted risk factor for multiple cancer types (Figure) . 30, 31 The American Cancer Society estimates that smoking is responsible for 30% of all cancer-related deaths in the United States. 2 The main carcinogenic mechanism from smoking is repetitive injury to squamous cell epithelium, exceeding normal regenerative abilities, but a variety of other mechanism have also been described.
Tobacco, Cancer, and CVD: Is There a Shared Biology?
Tobacco smoking produces a number of irritants, carcinogens, proinflammatory stimuli, and oxidizing agents. These processes stimulate abnormal signaling pathways found within smoking-related cancer and CVD. 64 Nicotine has also been implicated in the pathogenesis of both CVD and cancer. In vitro animal models have found that nicotine can inhibit apoptosis and enhance angiogenesis, 63 which raises concern about the role of nicotine itself in both diseases.
Diet
Diet and CVD Diet and nutrition are major determinants that influence CVD. Extensive investigations, in both animal and diverse human populations, have found strong and consistent associations between diet and CVD. This association is mediated by several intermediate CVD risk factors, such as body weight, blood pressure, and serum lipids.
Diet and the Risk of Cancer
The role of dietary composition in cancer risk ranges from known carcinogens in food sources (eg, aflatoxins, nitrosamines) to dietary components impacting obesity, hypertension, hyperlipidemia, and chronic inflammatory patterns that mediate cancer risk. The AICR/WCRF reports several associations between diet and food, graded on a causal, probable, or moderate degree of evidence. 65 They believe a causal relationship exists between the following foods and cancer types: red/ processed meat with colorectal cancer, 33 aflatoxins with liver cancer, and arsenic in drinking water and β-carotenes with lung cancer risk. The AICR/WCRF reports a causal reduction in colorectal cancer risk with diets high in fiber. 32 The AICR/WCRF reports a probable increased risk between the following: Cantonese-style salted fish with nasopharyngeal cancer, salty foods with stomach cancer, glycemic load with endometrial cancer, maté with esophageal cancer, and arsenic in drinking water and skin cancer. A probable decreased risk exists between the following: nonstarchy vegetables with oropharyngeal, laryngeal, esophageal, and stomach cancer; garlic with colorectal cancer; fruits with oropharyngeal, laryngeal, esophageal, lung, and stomach cancer; and high calcium diets and colorectal cancer. 65 
Diet, Cancer, and CVD: Is There a Shared Biology?
Common biological pathways, or networks, between diet, CVD, and cancer have been described. Genetic mutations in the folate metabolism pathway, in conjunction with inadequate folate intake, are associated with increased risk of both CVD and colorectal cancer. 66 Aberrant methylation attributable to folate deficiency is hypothesized to contribute to atherosclerosis, because this may modulate the expression of a variety of genes involved in proliferation and migration capabilities within the smooth muscle of coronary vessels. In rapidly dividing tissues such as the epithelium of the gastrointestinal tract, inadequate folate causes inadequate thymidylate production, impairing DNA synthesis and producing genomic instability and subsequent carcinogenesis.
Conjugated linoleic acids, found primarily in foods derived from ruminant animals (eg, beef and dairy products), have shown promising antiatherosclerotic and anticarcinogenic effects in experimental models 67 ; however, meat-dominated dietary patterns have been associated with several cancers, especially colorectal cancer. 68 This cancer risk may be a result of chronic inflammation, 69 increased dietary fat leading to carcinogenic bile acids, and several genotoxic substances (eg, nitrosamines) that can act directly on DNA and cause point mutations, deletions, and insertions.
Consumption of polyphenols, found primarily in fruits, vegetables, and certain plants, has been associated with a reduction in both CVD and cancer, presumably because of their effect on several metabolic pathways, including mitogen-activated protein kinases, phosphatidylinositol 3-kinases, IGF-1, nuclear factor-κB, and reactive oxygen species. 70 Neither vitamins nor antioxidants have been associated with a reduction in CVD or cancer in randomized, controlled trials, despite positive effects within in vivo studies. 70, 71 Despite the positive cardiovascular effects of Omega-3 fatty acids, a major systemic review did not find a reduction in the risk of cancer. 72
Alcohol
Alcohol and CVD
Moderate alcohol consumption has a well-established cardioprotective effect, although in the absence of any randomized, controlled data. 73 In patients with established cardiovascular disease, meta-analyzed data (8 observational studies) of 16 351 patients found moderate alcohol consumption to be associated with reduced CVD-and all-cause mortality. 74 With healthy individuals free of CVD, there has been an extensively documented J-shaped dose-effect curve, with excessive alcohol use leading to increased cardiovascular events and all-cause mortality. 20 Potential cardioprotective mechanisms include decreased inflammation, decreased platelet aggregation/function, reduced myocardial ischemia-reperfusion injury, effects on coagulation factors, endothelial events, elevated high-density lipoprotein cholesterol levels, and effects on anti-and proapoptotic pathways. 74, 75 Higher alcohol levels are associated with increased mortality, CVD, elevated triglycerides, hypertension, atrial fibrillation, cardiomyopathy, and stroke.
Alcohol and the Risk of Cancer
There is believed to be a causal relationship, as a result of convincing evidence, between alcohol and oropharyngeal, laryngeal, esophageal, liver, colorectal, and pre-and postmenopausal breast cancers. There is a probable decreased risk of alcohol intake on kidney cancer. 65, 76 In comparison with nondrinkers, regular consumption of ≈50 g of alcohol per day confers a 3-fold risk of oral and pharyngeal cancers, a 2-fold risk of laryngeal and esophageal (squamous-cell) cancers, a 1.5-fold risk for female breast cancer, and a 1.4-fold risk for colon cancer. For regular consumption of 18 g of alcohol per day, the relative risk for breast cancer remains significant at 1.13. A meta-analysis 77 also found that light drinking (up to 1 drink/d) was associated with the risk of oropharyngeal, esophageal squamous, and female breast cancer.
Mechanisms Linking Alcohol to Cancer
Cancer risk with alcohol involves several biological mechanisms. These include polymorphisms in the genes related to ethanol metabolism, folate and methionine metabolism, and DNA repair. 77 Additional processes could involve the genotoxic effect of acetaldehyde (the primary metabolite of alcohol), increased estrogen levels, alcohol acting as a solvent for tobacco carcinogens, and the production of reactive oxygen species and nitrogen species. 78
Physical Activity
Physical Activity and CVD
The cardiovascular benefits of physical activity are indisputable based on numerous scientific reports. Exercise favorably affects other established risk factors of CVD such as hypertension, obesity, diabetes mellitus, and hyperlipidemia. Additional effects include improvements in bone health, aerobic capacity, blood vessel capacitance, and vascular wall function. 79 
Physical Activity and the Risk of Cancer
There is accumulating epidemiological evidence on physical activity and reduced cancer risk. The AICR/WCRF reports that there is convincing evidence that physical activity reduces colorectal cancer risk, and there is probable evidence that it reduces postmenopausal breast and endometrial cancers. 34, 36, 65 A recent meta-analysis 80 that included 71 cohort studies found that individuals who participated in the most physical activity had a HR of 0.83 (95% CI, 0.79-0.87) and 0.78 (95% CI, 0.74-0.84) for cancer mortality in both the general population and among cancer survivors, respectively.
Physical Activity, Cancer, and CVD: Is There a Shared Biology?
The biological mechanisms hypothesized to reduce cancer and CVD risk with increased exercise are multiple and tend to overlap with those discussed in previous sections (eg, diet, obesity). Weight control appears to play a particularly March 15, 2016 important role. The reduction of adipose tissue through physical activity lowers the production of circulating sex and metabolic hormones, insulin, leptin, and inflammatory markers, several of which are potentially carcinogenic. 81
Nonmodifiable CVD Risk Factors Linked to Cancer
Nonmodifiable risk factors, including age, sex, and race/ethnicity, are uncontrollable features that influence incidence rates of both cancer and CVD. Although environment and cultural practices may impart disease patterns among members of specific ethnicities, genetic components of race predispose individuals toward some of the aforementioned modifiable risk factors. Single-nucleotide polymorphisms in linkage disequilibrium often demonstrate higher allele frequencies in certain populations that may be linked to these diseases. 82 Disease screening and healthcare availability within socioeconomic groups affect the statistical diagnostics as well. Within the United States in 2009, cancer incidence rates were highest among blacks, largely driven by prostate and female breast cancers. 83 Premature death from stroke and CVD was also higher among blacks. 84 Regarding sex, there are obvious differences between male and female organs and hormonal fluctuations that influence both CVD and cancer progression. Although men are more likely to be diagnosed with CVD at an earlier age, they are also more frequently diagnosed with cancer. In the United States during 2010, the top 3 cancer types diagnosed across men of all racial/ethnic cohorts were prostate, lung, and colorectal cancers; whereas the most common cancer types for women of all racial/ethnic cohorts were breast cancer, lung, and colorectal cancer. 83 Of all nonmodifiable risk factors, age is a steady independent variable with regard to CVD and cancer, yet the associations between age and disease onset can be highly influenced by lifestyle parameters, such as diet, physical activity, BMI, and smoking. Despite some cancer types that notoriously strike during childhood, increasing age of ≥55 years is associated with 78% of the new cancer diagnoses in developed countries. 44 
Cancer Risk Related to the Treatment of CVD and CVD Risk Factors
Antiglycemic Agents
Antiglycemic agents have both positive and negative associations with cancer. Metformin has been thought to reduce the risk of cancer and has a plausible biological mechanism, although population studies have demonstrated mixed results. 85, 86 Metformin activates adenosine monophosphateactivated protein kinase in hepatocytes, a major cellular regulator of lipid and glucose metabolism, and adenosine monophosphate-activated protein kinase is associated with several tumor suppressors. In contrast, a potential increased risk is associated with insulin analogues. 87, 88 The general patterns demonstrated across several studies support the hyperinsulinemia hypothesis, where therapies that increase circulating insulin levels increase cancer risk, and those that lower insulin resistance and circulating insulin levels reduce cancer risk. 85
Antihypertensive Agents
Several antihypertensive medication classes have been reported to increase cancer risk in various reports and retrospective analyses. Animal studies have described marginal increases in RCC, adenomas, and nephropathy with furosemide and hydrochlorothiazide. [89] [90] [91] A meta-analysis by Grossman and colleagues showed an elevated RCC risk with diuretic use (odds ratio, 1.55; 95% CI, 1.42-1.71), and both female sex and longer duration of treatment conferred a greater risk. Additional studies have adjusted for hypertension, still showing a weakened, albeit statistically significant, association between diuretics and RCC; more convincingly, diuretics have been shown to increase the risk of RCC in normotensive patients taking diuretics for alternative indications. [92] [93] [94] Patients are often exposed to antihypertensive drugs for decades, much longer than the original clinical trials testing their safety. Thus, there is heightened interest in the chronic use of these medications and how they may influence cancer risk or cancer progression. For example, Ganz and colleagues 95 investigated the association between breast cancer recurrence and the use of angiotensin-converting enzyme inhibitors and β-blockers in the Life After Cancer Epidemiology (LACE) Study cohort. They found that angiotensin-converting enzyme inhibitor exposure was associated with breast cancer recurrence (HR, 1.56; 95% CI, 1.02-2.39), whereas β-blocker exposure had a nonsignificantly lower HR of 0.86 (95% CI, 0.57-1.32) for breast cancer recurrence. Although potential mechanisms are only speculative, they bring greater attention to the potential role of these medications in breast cancer survivors.
Statin Therapy
Statins, best known for reducing morbidity and mortality from CVD, have pleiotropic effects. Many in vitro experiments have demonstrated antitumor effects of statins against cancer stem cells and certain cell lines through the suppression of cell proliferation and apoptosis. 96 Statin inhibition of hydroxymethylglutaryl coenzyme A reductase decreases levels of mevalonate and its downstream products, including not only cholesterol but additional factors that are critical for cancer growth and progression. 96 Statins also have potent antiinflammatory properties that could also have protective effects against cancer.
Although an early cardiovascular clinical trial found a potential link between statins and cancer, a number of subsequent meta-analyses of statin trials showed no overall increased risk of cancer incidence. 97 Meanwhile, emerging clinical studies looking specifically at the impact of statin exposure on cancer and tumor growth have found encouraging results. Strong evidence demonstrates improvement in disease-free survival in breast cancer survivors who were on statins at the time of diagnosis. 14, 98 Similarly, mounting evidence shows that prediagnostic statin use reduces the risk of lethal prostate cancer. 99 A recent metaanalysis found statin use either before or after the diagnosis of cancer to be associated with improved cancer-specific and overall survival. 100 The 3 largest cancer subgroups including colorectal, breast, and prostate, all showed a benefit from statin use. A number of ongoing trials are investigating the role of statins in breast and other cancer types. Findings from these studies may further elucidate the shared biology between CVD and cancer.
Aspirin and Nonsteroidal Anti-Inflammatory Drugs
There may be an important role for the use of anti-inflammatory agents in the prevention and treatment of cancer. A large prospective study showed nonsteroidal anti-inflammatory drugs to be associated with reduced risk of several alcoholrelated, infection-related, obesity-related, and smoking-related cancers. 101 A meta-analysis looking at the association between aspirin and colorectal cancer found that aspirin reduced the risk of colorectal cancer by 24%. 102 Although aspirin's benefits on the cardiovascular system have largely been attributed to its antiplatelet effects, the mechanism of aspirin's antineoplastic effects is less clear, although emerging evidence suggests it may be related to both cyclooxygenase-dependent and cyclooxygenase-independent mechanisms. 103
CVD Risk in the Treatment of Cancer
Cancer treatment-related cardiotoxicity is a major cause of treatment-associated mortality and morbidity in cancer survivors. Although this topic is outside the scope of the present discussion, it is an area of intense interest with emerging data.
CVD Risk Factors Predict Cardiotoxicity Related to Cancer Therapy
Cardiac risk factors have a major influence on toxicity from cancer therapy. Age, prior cardiac dysfunction, coronary disease, hypertension, smoking, and obesity are well-described risk factors for anthracycline-related cardiotoxicity. 104, 105 Additionally, because chemotherapy doses are based on weight, overweight patients will also require higher cumulative doses that compound their overall complication risk. Baseline hypertension has predicted anti-vascular endothelial growth factor therapy-induced blood pressure elevation. 106 In patients treated with trastuzumab, hypertension had a 1.89fold increased risk of a cardiac event, although not statistically significant. 107 Drugs that target growth factor receptors, including those from the transforming growth factor-β family such as anti-epidermal growth factor receptor, pose additional toxicity risk when compounded with cardiovascular risk factors, such as hypertension or diabetes mellitus. These drugs inhibit cardiomyocyte differentiation, function, and repair, exacerbating preexisting issues or leading to cardiac or vascular remodeling. 108 Ezaz and colleagues 109 developed a risk factor-scoring tool for patients on trastuzumab to help identify those at highest risk of developing heart failure or cardiomyopathy. A 7-factor risk (age, adjuvant chemotherapy, coronary artery disease, atrial fibrillation or flutter, diabetes mellitus, hypertension, and renal failure) score was derived and validated. Low (0-3 points), medium (4-5 points), and high (≥ 6 points) risk strata had 3-year rates of heart failure or cardiomyopathy of 16.2%, 26%, and 39.5%, respectively.
CVD Risk Factors Affect Outcomes in Cancer Survivors
Results from a Childhood Cancer Survivor Study (CCSS) analysis, which included patients treated with chemotherapy and radiation that survived beyond 35 years of age, found a 5-fold increased risk of stroke or myocardial infarction in comparison with healthy sibling counterparts. 110 This risk intensified in those with dyslipidemia, diabetes mellitus, and obesity. In multivariable models, hypertension alone significantly increased risk for all major cardiac events among survivors exposed to both chest-directed radiotherapy and anthracyclines. 111
Controlling CVD Risk Factors Can Reduce the Risk of Cancer
The EPIC study followed 23 153 participants aged 35 to 65 years. Healthy lifestyle factors were defined as never smoking, BMI <30, physical activity >3.5 hours weekly, and healthy diet. After a mean follow-up of 7.8 years, participants who adhered to all 4 healthy lifestyle factors in comparison with none had an adjusted HR of 0.22 (95% CI, 0.17-0.28) for chronic disease; 0.07 (95% CI, 0.05-0.12) for diabetes mellitus; 0.19 (95% CI, 0.07-0.53) for myocardial infarction; 0.50 (95% CI, 0.21-1.18) for stroke; and 0.64 (95% CI, 0.43-0.95) for cancer. 112 A study by Rasmussen-Torvik and colleagues 21 also examined whether better adherence to the 7 ideal cardiovascular health metrics defined by the AHA (described in "Cardiovascular Risk Factors" above) was associated with incident cancer. This longitudinal analysis from 1987 to 2006 within the ARIC cohort (45-64 years of age at baseline) identified incident cancer (excluding nonmelanoma skin cancer) in 2880 of the 13 253 participants. Adherence to at least 6 of the 7 ideal health metrics (2.7% of the overall population) resulted in a 51% lower risk of incident cancer than in subjects meeting 0 ideal health metrics (2.8% of the population), after adjusting for age, sex, race, and ARIC center. Incident cancer rates increased with each graded decrease in ideal health metrics.
Although the 7 ideal health metrics were chosen because of their strong associations with cardiovascular risk, a number of these metrics already have established associations with cancer, such as diet, 65 physical activity, 81 BMI, 26 and smoking. 113 Nonetheless, the results from the EPIC and Rasmussen-Torvik studies demonstrate that adherence to several of the health measures combined is associated with a reduced risk of incident cancer over time. In addition, such studies may help build the case for combined CVD and cancer prevention guidelines, which could have major public health implications.
Conclusion
The extensive overlap in risk factors and disease prevention for CVD and cancer suggests that these seemingly diverse diseases have some common basic molecular pathways or networks. Chronic inflammation may have a considerable role because it contributes to both diseases and occurs in conditions such as obesity, diabetes mellitus, hypertension, and dyslipidemia. Controlling CVD risk factors can help reduce the risk of cancer. There is an urgent need to improve the health status of the population to reduce the prevalence of disease. Further understanding of the delicate interaction between CVD and cancer may lead to better prevention, earlier detection, and safer treatment strategies.
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